Thin films of ZnS and Cr doped ZnS have been deposited on glass substrates by chemical bath deposition (CBD) method taking ammonia as complexing agent. The pH of the solution was maintained at 8−9 at a temperature of 70 o C. Characterization of the ZnS and Cr-doped ZnS films were carried out using X-ray diffraction (XRD), X-ray Fluorescence Spectrograph (XRFS) and Atomic force microscopy (AFM). Structural properties and optical absorption has been observed for both doped and undoped films. Parameters like crystallite size, lattice constant, microstrain, dislocation density; and optical constants such as extinction coefficient, absorption coefficient for both types of films were measured from XRD and absorbance spectra respectively. Studies show that there is an increase of crystallite size and good optical properties in visible region from 420 nm in Cr-doped ZnS thin film.
Introduction
Zinc Sulphide (ZnS) is an important wide direct band gap II-VI semiconductor material having band gap energy (Eg) of 3.65 eV (Gao et al., 2004) . It has broad applications due to its wide band gap nature. It can be used as blue light-emitting diodes, electro optic modulator, optical coating etc. It can also be used as electroluminescent devices and photovoltaic cells (Vidal et al., 2002) . Zns thin films doped with transition metal element or rare-earth element can also be used as effective phosphor material (Takata et al., 1990) . Different researchers employed different techniques to prepare ZnS thin films, such as atomic layer deposition (ALD) (Shin and Sun, 2004) , pulsed electro chemical deposition (ECD), chemical vapor deposition (CVD) (Zhenyi et al., 2002) , chemical bath deposition (CBD) (Cheng et al., 2003) and spray pyrolysis (Afifi et al., 1995) . Among these methods, CBD method is frequently used as it is simple, cheap, and convenient for larger area deposition of the film. A simple controlled chemical reaction is used to deposit a thin film in the chemical bath deposition process. The film formation on substrate takes when ionic product exceeds solubility product. By controlling pH, bath temperature etc, film formation can be controlled in CBD method. This technique is also capable of growing thin film with nanocrystal, microcrystal and epitaxial structure under various growth conditions (Noikaew et al., 2008) . N. Kamoun Allouche et al. studied ZnS multilayer films and found more than 70 % transmission in the wavelengths above 350 nm and an optical band gap of about 3.76 eV (Allouche et al., 2010) . Optical properties of nanocrystalline Ni doped ZnS thin films were studied by R Sahraei et al. (Sahraei and Darafarin, 2014 ) . Optical transmittance of 75 % in the visible range and band gap up to 3.66 eV was observed in Al doped ZnS thin films at different Al concentration (Nagamani et al.,, 2012) . Optical properties of La Doped ZnS were studied by Xie Hai-Qing et al. and observed change of band gap with La-ZnS film compare to pure ZnS. They concluded that La-ZnS films can be useful as transparent electrodes (Hai-Qing et al., 2011) . Theoretically it has been shown that ZnS doped with transition-metals, such as Cr, Fe and Ni can become half metallic, ferromagnetic and 100% spin polarized (Zhang et al., 2011) . Cr -ZnS is mainly studied as a model object in spectroscopy. One reason for this can be the wide band gap for ZnS. Because of the wide band gap, ZnS film doped with Cr can be used for intermediate band solar cell (IBSC) (Aamodt, 2011) . However, few studies on Cr-doped thin film by CBD method have been reported (Aamodt, 2011 , Wang et al., 2004 .
In this present work we describe the deposition of ZnS and Cr-ZnS thin films by CBD method and compare their structural and optical properties with parameters like crystallite size, lattice constant, microstrain, dislocation density, absorption coefficient, extinction coefficient, band gap energy etc and also their potential applications.
Experimental
ZnS film was deposited chemically using thiourea {SC(NH2)2} as a sulfide ion source and zinc acetate {Zn(CH3COO)2} as zinc ion source. ZnS thin film is formed on glass substrate by decomposition of thiourea in an alkaline solution containing zinc salt and a complexing agent under a heating condition. For the chemical bath solution for the preparation of ZnS film, 30 ml of 0.2M zinc acetate solution was prepared in a pre-cleaned beaker. Equal volume of 0.2M thiourea solution was also prepared separately. These two solutions were mixed together in a separate beaker. Afterwards the mixed solution was stirred for 15 minutes. To improve homogeneity and the growth rate 15 ml of 1M hydrazine hydrate {(NH2)2} was used. Then ammonia solution was added drop wise to form the complex and to raise the pH of the solution. The pH value was maintained between 8-9; keeping the temperature constant at 70 °C. For the Cr doping ZnS thin film, 0.05 M and 0.1 M solutions of CrO3 were prepared separately. 20 ml of CrO3 of each molarity was mixed in two separate beakers containing chemical solution of zinc acetate, thiourea and hydrazine hydrate of same molarities as described above in the deposition of pure ZnS thin film and then the CrO3 mixed solution was stirred for 45 minutes. The remaining process was same as that of the un-doped ZnS film.
Substrate cleaning is very important in the thin film deposition. Before the deposition process the glass substrates were treated by a mixture of propan-2-ol and concentrated nitric acid solution. After that the substrates were rinsed with distilled water and heated in a muffle furnace at 100 °C for drying. These cleaned glass substrates were then kept inside the three prepared bath solutions.
After some chemical reaction, deposition of films started slowly on the substrates. Keeping bath temperature maintained for 30−45 minutes, the whole solutions were kept undisturbed at room temperature for further deposition of the films. All the films were kept deposited for 24 hours. Then the glass slides covered with a white layer were taken out, washed with distilled water and dried out in air. However Cr-doped films were yellowish white in colour. Thus we prepared three different types of thin films namely undopedZnS, 0.05M CrO3 doped ZnS (Cr-ZnS1) and 0.1 M CrO3 doped ZnS (Cr-ZnS2) separately. Fig. 1 shows the various steps involved in the deposition of the ZnS and Cr-ZnS films by CBD method. Some films were covered in both sides of the substrates. One side of these substrates was then cleaned by nitric acid. These films were kept to study the optical absorption. Other deposited films were kept "as it were" for the other characterization like XRD, AFM and XRF. Thickness of the films was measured by gravity method. Thickness for ZnS, Cr-ZnS films was varied from 84 -85.26 nm.
XRD and XRF of the films were carried out by XPERT PRO (Philips) and Axios PANalytical DY 840 respectively at the Department of University Science and Instrumentation Center (USIC), Gauhati University, Guwahati (India), and absorbance of ZnS and Cr-ZnS thin films were recorded using Cary-300 Scan UV-Visible spectrophotometer (Varian, Victoria-3170, Australia), AFM characterization was done by Nt-Mdt, Ntegra Prima at IASST, Guwahati. Adding NH3 dropwise to form complex and to raise the pH to 8-9
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Glass substrate immersed (200), (220), (311), (400) planes respectively of the cubic phase of ZnS. Results are very much closer to the value of JCPDS card file 05-0566. Same diffraction peaks are also observed in the Cr-doped ZnS films except in the 0.05M CrO3 doped film (Cr-ZnS1), where the (400) plane is absent. Thus all the deposited films are polycrystalline in nature. From the XRD spectra it is clear that the intensity of (200) plane in all the films is higher than that of the other peaks which indicates that the orientation of the grain growth is along (200) plane. It has also been observed that the intensity of the (200) plane in doped films is higher than that of the undoped film indicating improvement of the crystallinity in the doped films. However the peak positions in the doped films have been found to be slightly shifted from the undoped one. The shift may be due to presence of extra Cr atoms impurity existence in doped ZnS film and also the development of residual stress in different positions of the thin films (Cullity, 1978) . The unidentified peaks observed in both ZnS and Cr-ZnS2 films were due to the other impurities.
Results and Discussion

Reaction mechanism
The average crystallite size was calculated from the most prominent peak using the Scherrer's equation (Cullity, 1978 ):
where k is a constant whose value is 0.94, β is the full width at half maximum (FWHM) intensity of the peak in radian, θ is the Bragg's diffraction angle, λ is the wave length of X-ray (1.5406 Å).
Average crystallite size (D) was calculated from the most prominent peak of XRD spectra. In the undoped ZnS film, D was found to be 39.78 nm, whereas in the Cr-ZnS1 and Cr-ZnS2 film, it was 45.26 nm and 48.27 nm respectively. This shows that Cr-doping in the ZnS film enhancing the crystallite size. 
Average crystallite size and internal strain
The total broadening of X-ray diffraction peaks arises due to the simultaneous contribution of both particle size and internal strain. Therefore using the Williamson and Hall (W-H) method (Nelson and Riley, 1945) for Cauchy nature of broadened profile, we have the relation (Williamson and Hall, 1953 ):
whereε is the average internal strain. For multiple ordered diffraction pattern a plot of βcosθ/λ versus 2sinθ/λ will give a straight line and the inverse of intercept of this plot (W-H plot) will give the average crystallite size D and the slope will give the average internal strain ε. The W-H for both doped and undoped films are shown in Fig. 3 . The straight lines have been drawn as best fit regressive line. Value of average crystallite size from W-H plot is higher than that obtained from Scherrer's equation. This indicates that the films are under strain. It was previously reported that lowering of grain boundary and crystal defects in as prepared thin films are the results of enhanced nanocrystallite size (Preetha and Remadevi, 2012) . The value of crystalline size, average internal strain calculated for all the films has been shown in Table 1 . The W-H method is very simple way to separate out size and strain. The main data points in that plot are obtained from the XRD analysis. Due to the instrumental broadening, actual shape information, size distribution or domain shape etc may affect the calculated data from XRD spectra. Therefore the data points look slightly scattered. However, for strain contained films, this method is very useful to calculate the average crystallite size and microstrain.
Fig. 3. W-H plot for (a) ZnS and (b) Cr-doped ZnS films
Lattice constant
The lattice constant for both doped and undoped thin films were determined from the relation:
where d is the spacing between the crystal planes. The values of lattice constants evaluated are slightly different for different orientations of the same film. This is due to the divergence of the Xray beams, refraction and absorption of X-rays by the specimens, etc. These give a number of systematic errors in the measurement of θ and hence in the d values. Therefore we have drawn the Nelson-Riley (N-R) plots (Lifshim, 1999) 
Dislocation density
The dislocation density δ is defined as the length of dislocation lines per unit volume of the crystal. The dislocation density was determined from the Williamson and Smallman's formula (Girija et al., 2009 ):
where n is a factor which is equal to unity giving minimum dislocation density and D is the average crystallite size. Dislocation density for both the doped and undoped films has been given in Table 1 . Dislocation density is observed to be decreased in case of Cr-ZnS films. This may be due to the higher growth in crystallite size. With increasing doping concentration, the microstructural properties are maximum. It results in the reduction of the concentration of lattice imperfections which leads to preferred orientations (Kumar et al., 2014) . Thus decreased dislocation density with larger crystallite size, Cr-ZnS represents better lattice quality than the undoped ZnS film.
Table1 Structural parameters of deposited doped and undoped ZnS films
XRF studies
Fig . 5 shows the XRF spectra of a typical Cr-ZnS thin film. This spectra conforms the presence of Zn and S in the prepared film. However no significant peak of Cr is observed. This may be due to the lower concentration of Cr in the prepared film compared to Zn and S. The presence of Zn is indicated by two distinct peaks of Zn-Kα1 and Zn-Kα2 at 2θ values 90.9° and 91.2° respectively, while presence of S is indicated by the peaks of S-Kα and S-Kβ at 2θ values 100.7° and 109.8° respectively. 
AFM studies
Atomic force microscopy (AFM) is one of the effective ways for the surface analysis of thin films due to its high resolution and powerful analysis software. The ZnS and Cr-ZnS thin films were morphologically characterized using AFM technique. Fig. 6 shows the 2D and 3D image of undoped and doped ZnS film (Cr-ZnS2) in scanned area of 5 × 5 and 10 × 10 μm 2 . In both the films, the 
surface is rough and fully covered in the substrate. Clusters of particles are observed over the surface in undoped ZnS film. While formation of unregulated grains of different sizes are observed clearly with pinhole free in Cr-ZnS2 film. From the AFM images average grain size in Cr-ZnS2 film is found to be 250 nm and the RMS (Root Mean Square) roughness is 210 nm as obtained by using the software WSxM 4.0 Beta7.0 version (Horcas et al., 2007) . RMS roughness is larger in doped film than that obtained from the undoped ZnS film which is 145 nm. Again we have found that grain size obtained from AFM image is quit larger than the crystallite size obtained from XRD. This may be because of small crystallites combine to form larger grain. 
Optical properties
Optical absorption of Zns and Cr-ZnS films have been studied in the wave length range 340-800 nm. Optical absorption studies of semiconducting materials give some information related to band structure. Optical absorption spectra of typical undoped ZnS and Cr-ZnS thin films have been shown in Fig. 7 . At higher wavelength i.e. at lower energy side, absorption is low towards visible region. However, an increase of absorption is seen in lower wave length (higher energy) side for both types of films. Higher absorbance has been observed in Cr doped ZnS films. This may due to the presence of extra states created by Cr impurity in the doped films that absorbs more photon energy than that of the undoped film. The nature of the transition (direct or indirect) was obtained by using the relation (Pankove, 1971) :
where B is constant, α is absorption coefficient and Eg is the band gap energy. For direct transition the n value is ½ whereas for indirect transition the n value is 2. Fig. 8 shows a typical plot of (αhν) 2 versus hν for doped and undoped ZnS film from which extrapolation of data to the (αhν) 2 → 0 axis gives the band gap energy Eg= 3.16 eV and for Cr-ZnS1 and Cr-ZnS2 film, this value is 3.12 eV and 3.06 eV respectively. Thus band gap decreases in case of Cr doped ZnS film. This is due to the extra electronic states associated with Cr located below the conduction band. Value of absorption coefficient α was calculated from the relation (Hussain et al., 2014 ):
= 2.303 ⁄ (7) where A and t are the absorbance and thickness of the films respectively. From the knowledge of α, the extinction coefficient or imaginary part of refractive index k was calculated from:
Variations of k with wavelength have been plotted in Fig. 9 . The k value is observed to decrease slowly up to the wavelength 420 nm for all films, and then increases slowly towards the IR region. A comparison of some optical parameters for both undoped and doped ZnS films has been tabulated in Table 2 . From the comparison it is seen that value of extinction coefficient is higher in Cr-ZnS films than that of the undoped ZnS film which indicates more efficiency of Cr-ZnS film in electrical conduction than ZnS film. 
Conclusion
Thin films of ZnS and Cr-doped ZnS have been prepared by the CBD method. XRD results reveal the polycrystalline nature of the films with preferred orientation along (200) plane. Different structural parameters such as crystallite size, lattice constant, internal strain and dislocation density were calculated from their XRD spectra. AFM images show the rough surface of the films with increasing grain size and RMS roughness with doping. Optical studies confirm the direct band gap nature of the films and also the decrease of band gap energy in case of doped films. 
